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Introduction 

When the earlier paper on this subject was published, under 
similar title, in 1905 / it was intended that it should be the 
first of a series of contributions to be offered at intervals as 
time and opportunity were afforded for the further study of 
the region. During its preparation it was not unforeseen that 
some of the details, or some of the applications of general 
conclusions, would subsequently require alteration or amend- 
ment, as exploration in the field should be extended farther 
and a more complete knowledge of the details should be ac- 
quired. With this in view it was nevertheless believed that 
such a contribution would be well worth while, even though 
corrections might be found necessary as the study progressed, 
since it would at least serve to stimulate investigation and thus 
tend to develop our knowledge of the subject. And this result 
has undoubtedly been attained. 

Since the publication of the former paper, the attention of 
the U. S. Geological Survey has been directed to this field; 
and a systematic study of its stratigraphic and economic fea- 
tures has been begun, which will undoubtedly add much to 
our present knowledge. 

During the two years and more since the publication of the 
earlier paper, exploration has been extended along both sides 
of the range for many miles beyond the portions that had then 
been covered, affording opportunity for more detailed work 
and for a better acquaintance with the stratigraphy and with 
the conditions under which deposition took place than was then 
possible. 

Prior to, and after the publication of the former paper, 
large collections of fossils, chiefly marine invertebrates, had 
been made from all of the formations represented. As these 
had been stored in the Academy of Sciences, they were lost 
when it was burned in the great fire of San Francisco. In- 



1 Proc. Calif. Acad. Sci. 3d ser. Geol. v. 2, no. 2, pp. 156-248. 
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deed, at the time of the fire the present paper was in process 
of preparation and the manuscript was partly written; 
but on account of the destruction of the collections, its 
publication has not only been delayed, but in the form and 
matter of its contents it has been considerably altered and 
reduced. 

The general statements made in the earlier paper concern- 
ing the stratigraphic sequence in the Mount Diablo range, 
have proved to be fairly correct, and the same may be said 
of the formal statement of conclusions. It is only in their 
application within a certain definite portion of the field (and 
this within the area covered by the map) that any amendment 
is required. However, under a combination of circumstances, 
such error was unavoidable : In the first place, the field had 

been approached from the south, which was a direction of 
several disadvantages; in the second place, little was known 
from the literature concerning the general stratigraphy of 
the Eocene, and supposed Oligocene of the West-coast, 
and less concerning the geologic range of certain species 
of invertebrates, such as Pecten peckhami , and certain 
species of Tellina and Leda , and of several forms in the later 
Neocene. 

Since the former publication, however, some important ad- 
ditions have been made to the literature of the West-coast 
Tertiary, chiefly by Dr. Ralph Arnold 1 and by Geo. H. 
Eldridge and Arnold ; 2 and the paleontology of the Tertiary 
formations of the West has been somewhat enlarged. 

It is due also to remember certain observations made by 
Mr. J. S. Diller , 3 presumably upon the authority of Dr. Dali, 
regarding the occurrence of Pecten peckhami in the supposed 
Oligocene deposits of northwestern Oregon. While it may 
remain to be proved that the entire series described by Mr. 
Diller is properly referable to the Oligocene, it is clear that 
below a great thickness of sandy strata which are probably 
lower Miocene, there is a still greater series of ashy clay shales 

1 Tert. and Quat. Pectens of Calif. U. S. Geol. Surv. Prof, paper 47, 1906. 

2 See discussion of the oil districts of southern California in Bulls. 309 and 321, 
U. S. Geol. Surv. 

3 U. S. Geol. Surv. 17th Ann. Rept. pt. 1, pp. 464-469. 
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and sandstones with a very different fauna. Toward the top 
of this lower series the fauna includes : 



And still lower in the conformable series was collected a 
fauna that was referred without a doubt to the Eocene, among 
which were the following : 



Mr. Diller adds: “Notwithstanding the presence of Aturia , 

which is a characteristic Oligocene form, Dr. Dali refers these 
fossils to the Eocene.” 

Writing later of the Oligocene in the United States, Dr. 
Dali 1 says: “In the southeastern United States there is no 

marked stratigraphic break between the Eocene and the Oli- 
gocene. Many of the fossils persist into the upper beds, but 
the fauna as a whole undergoes a well-marked alteration, 
showing that physical changes of some sort, such as would 
profoundly affect the fauna, must have taken place. The 
change by which the Oligocene was brought to a close and the 
typical Miocene inaugurated, caused, as already described, 
the most remarkable faunal break in the geological history 
of the United States after the Cretaceous.” 

The stratigraphic relations of undoubted Oligocene deposits 
in California have not been so clearly stated, though there are 
supposed Oligocene deposits on the southern coast that have 
been similarly described. 

Dr. Ralph Arnold 2 has described Oligocene deposits from 
the Santa Cruz mountains lying below the lower Miocene with 
a fauna which he considers intermediate between typical Tejon 
and lower Miocene. This fauna includes Pecten peckhami 
and other forms not unknown in the Miocene of California. 



Dolium petrosum Conrad 
Nucula truncata Gabb 
Yoldia impressa Conrad 
Pseudomusium peckhami Gabb 
Dentalium 



Scaphander 
Cylichna 
Leda 
T ellina 



Heteroterma trochoidea Gabb ( ?) 
Rimella canalifera Gabb 
Urosyca candata Gabb 



Pyrula tricostata Lam. 
Aturia angustata Conrad 



1 U. S. Geol. Surv. 18th Ann. Rept. pt. 2, p. 331. 

2 U. S. Geol. Surv. Prof, paper 47, pp. 16-17. 
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Geo. H. Eldridge and Arnold 1 have also described beds of 
transitional character, presumably Oligocene, as occurring in 
the Coast ranges of Ventura county, California. Eldridge 
and Watts 2 had considered this series, known as the Sespe 
formation, to be of Eocene age; but as Arnold found Miocene 
fossils in its fauna, it has been provisionally referred to the 
Oligocene. 

It appears, therefore, that below the Miocene, and occupy- 
ing an intermediate position between it and the Eocene, there 
occur in Washington, Oregon, and California, marine beds 
that have been provisionally referred to the Oligocene, and 
that appear to be conformably related to the Eocene deposits, 
but from which the Miocene is more or less separated by 
either a stratigraphic or a faunal break. In the following 
pages illustrations will be found in which similar relations 
appear, but in which the strata involved have not yet been 
proved to be of the Oligocene age. 

It is the purpose of this second paper to present results 
that have been attained since the publication of the first, to 
amend it where necessary, and to supplement it by the addi- 
tion of such new facts as have been gathered in the more 
extended study of the field. Furthermore, as the former 
paper has become all but inaccessible through the total destruc- 
tion of the reserve stock of the publications of the California 
Academy of Sciences, it is thought worth while to embody 
its results, in an abbreviated and improved form, in a second 
publication. 

It is not intended that this paper shall be complete either 
in its scope or in its treatment of the subject, but that it shall, 
at least, be suggestive of some of the many interesting fea- 
tures of the field, and of the various phases of geological study 
that find here abundant and excellent illustration. 

One of the important factors to be considered and worked 
out in a stratigraphic study of any region is that of the condi- 
tions of deposition — that is, the physical geography of the 
time and the various influences that may have affected the 



1 U. S. Geol. Surv. Bull. 309, pp. 7-12. 

2 Calif. State Min. Bur. Bull. 11, pp. 25-26. 
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character and distribution of the sediments of which the 
strata are composed. In the Tertiary deposits of the Mount 
Diablo range, along its entire extent of nearly 300 miles, 
there is a great variation in the character and composition of 
the constituent rocks, presenting every variety from coarse 
detrital conglomerates to two or three forms of fine organic 
shales and limestones, and alternations of these that are possible 
only under conditions far from simple. 

Conditions of Deposition during the Tertiary 

During the Tertiary periods, if not during the Cretaceous, 
the physical geography of western California differed widely 
from that of the present time. In the positions of many 
present centers of stratification, constituting the main sum- 
mits of the Coast ranges which now rise with more or less 
regularity and continuity, there existed during and through- 
out the Tertiary, at least, only chains of continental islands 
grouped in similar alignment. These island masses were not 
unlike some that now exist about the borders of the Pacific 
ocean and on the coasts of Alaska and even of California. 
Among them were enclosed seas, or basins, with interconnect- 
ing channels through which the tides and ocean currents ran 
at will, thus forming an unusual variety of conditions which 
directly influenced the character and variety of the faunas of 
the time. 

Among such basins were the Great valley, the Salinas, the 
Santa Maria-Carisa, and the San Fernando valleys. But for 
the present, without attempting to make a complete statement 
of either the Coast range waterways or island groups of the 
Tertiary, it is sufficient to note only the fact that along the 
course of the Mount Diablo range six or more centers, or 
stratigraphic cores, have been recognized and to some extent 
correctly described by Whitney as the natural divisions of the 
range. These centers were to some extent outlined in the 
former paper; they deserve far more attention than can be 
given here. But while Whitney correctly observed and noted 
these various divisions of the range, its double character and 
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other complex features have hitherto escaped attention. How- 
ever, these points can not be taken up in the present paper. 

Among the divisions enumerated by Whitney are the 
Panoche, the San Carlos, and the Estrella, which, he says, are 
individualized by certain low passes extending across the 
range. Considering these divisions as separate islands or 
groups, it would ultimately be necessary to subdivide some of 
them at least into two, or perhaps three sections for special 
epochs of the Tertiary, with waterways extending from the 
basin of the Great valley to that of the Salinas. One of these 
open channels lay along the course of the west branch of the 
Jacalitos and the upper Warthan creeks, and one along the 
Los Gatos creek and the San Benito river, thus dividing the 
San Carlos division into three sections or subdivisions for at 
least a part of the Tertiary. In a complete or detailed study 
of the range, other channels and the islands separated by them 
at one time or another would require notice, but those men- 
tioned are perhaps sufficient to illustrate the nature of the 
problem. 

In all probability, as time went on during the successive 
periods or epochs, certain geographical changes occurred 
which resulted in either increasing or decreasing the width 
and number of these transverse channels; and these results 
could have been accomplished by simple changes in elevation. 
It appears that during the Miocene period only the Warthan 
channel was open, while during the Pliocene both the Warthan 
and the Los Gatos channels were in existence, as is shown by 
the distribution of the Miocene and Pliocene sediments along 
them. 

The islands and channels that existed during the Eocene 
can not be so easily discerned, but undoubtedly there were 
many. 

Eocene sediments run well into the range, if not across it, 
on the borders of the Livermore and Panoche valleys; and 
the same is probably true in the neighborhood of the Antelope 
and the Cholame valleys, as well as farther south. 

Probably this statement of the insular condition in Tertiary 
times is sufficient to illustrate some of the factors that affected 
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the character, quantity, and distribution of the various strata 
concerned in this discussion. It will readily be conceded that 
the sorting and transporting influence of ocean currents 
through channels and waterways can not be small, and that 
it is entirely adequate to explain many of the seeming irregu- 
larities, both lithological and faunal, that may appear later 
in the course of these studies. There are in some quarters 
rapid transitions in both the nature of the sediments and the 
character of the fauna as one follows the strata along their 
strike. Some important beds are known to entirely disappear 
or to change their character or appearance to such an extent 
that they can be recognized only by their stratigraphic posi- 
tion with respect to others that are better known. The later 
Miocene particularly appears to have been an epoch of rapid 
changes in these respects, but of changes that are explainable 
by sufficient attention to the details of physical geography. 



The Cretaceous and Earlier Series 



It is not designed to give here any special account of the 
Cretaceous and earlier rocks of the range, although both are 
abundant about each of its older centers, as was illustrated in 
the former paper. The occurrences of Cretaceous and “meta- 
morphic” rocks have been noted by Whitney 1 at Mount 
Diablo, Corral Hollow, and Panoche Pass, and have been fol- 
lowed by him as far to the south as the Panoche valley. 
Becker 2 and White have published lists of Chico species oc- 
curring at New Idria, and similar beds have been identified 
upon the tributaries of the Cantua and Salt creeks. Miss H. 
C. Lillis has collected from these beds the following species, 
which were left at the University of California : 



Baculites chicoensis 
Area breweriana 
Dentalium stramineum 
Cinulia obliqua 
Gyrodes conradiana 



Baculites sp. 
Chione sp. 
Perissolax sp. 
Natica sp. 
Margarita sp. 



1 Geol. Surv. Calif. Geol. v. 1, pp. 45, 55, etc. 

2 U. S. Geol. Surv. Monog. no. 13, pp. 291-309. 
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From Salt creek these Cretaceous rocks have been followed 
continuously to the Los Gatos, Warthan, Jacalitos, and Avenal 
creeks, and indeed to the Devil’s Den, on the north side of the 
Antelope valley. It is quite probable that the tawny yellow 
sandstones occurring south of the Antelope valley are of 
Cretaceous age, but as yet no proof of it is at hand. 

From the published lists of fossils occurring in the range 
it would appear that the Chico portion of the Cretaceous has 
been more often identified, though species of Aucella have 
proved the presence of the Knoxville at Mount Diablo (and 
Becker was convinced that some of the rocks at New Idria 
belong to the “Knoxville series”), while from the black shales 
on the Jacalitos creek species of Hoplites have been found, 
and at the Devil’s Den both Hoplites and Belemnites were col- 
lected in similar dark shales. 

It thus appears that both Knoxville and Chico strata enter 
into the composition of the range and are far more abundant 
upon the eastern flank than upon the western. The Cretaceous 
rocks always stand at a high angle, dipping away from the 
older formations and toward the valley at points of the com- 
pass varying according to their position. It is designed how- 
ever that the structure of these and the younger series of 
formations shall be reserved to be dealt with later. 

The so-called “metamorphic” rocks of the Mount Diablo 
range, occurring at intervals and in large areas, have generally 
included serpentines, trachytes, porphyries, and jaspers. The 
stratified portions are all representatives of the Franciscan 
series, while the eruptives include many of the classes usually 
found associated with them in the Coast ranges, among which 
are the products of local metamorphism of the most pro- 
nounced kinds. 

The Eocene Rocks 

Distribution . — The Eocene rocks of the northern portion 
of the range have already had considerable mention by various 
writers, including Stanton , 1 Merriam , 2 Weaver , 3 and others. 



1 U. S. Geol. Surv. 17th Ann. Rept. 1896, pp. 1009-1060. 

2 Journ. Geol. v. 5, no. 8, pp, 767-775. 

3 Bull. Dept. Geol. Univ. Calif, v. 4, no. 5, pp. 101-123. 



